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SUMEX=AIM PROSPECTUS

INTRODUCTION AND OBJECTIVES

In partrmership with amd with fimanctal support from the
Biotechnology Kesources Branch (BRB) of the Division of Research
Resources, Natiomal Institutes of Health (NIH), Stanmford
Unfversity is developimg amd operatimg a Natiomal Shared Computinmg
Resource to explore advanced appliecatioms of computer science in
health research, The SUMEX (Stanford University Medical
Experimemtal Computer) facility, unmder Professor Joshua Lederberg
as Primcipal Imvestigator, {s mational im scope in that a major
part of 1ts computimg capacity will be made available to
authorized research groups throuaghout the counmrtry by means of a
communicatioms metwork, There are two mainm oblectives of the
facilityr 1) the specific emcouragement of applications of
artificial imtelligemce {im medicime (AIM) amnd 2) the managerial,
admimistrative, amd technical demonstratiom of a mationa)l shared
techroloaical resource for health research,

The emergenmce 0f more ecomomical techmologies for data
commyunmications allows a liberation from geogranhically orqanrized
facilities in favor of the comcentratiom of fumctiomally
speclialized capabilities at differenmt sites, In additiom to the
ecomemic advanmntages of resource sharimg, a closer interaction
between diverse research efforts is expected to promote a more
systematic exchange of research products and {deas, This is
particulariy true in computer science where technical complexities
have tended to emcourage the development of relatively isolated
groups, each pursuimg a lime of research and program development
and makimg limited use of the workimg programs availanle from
others, The SUMEX=AIM project seeks to lower these barriers i{n
the specific area of arti{ficial intelligemece applied to health
research, Imdeed, multilateral community=bu{lding rather than
ymilateral service {8 the project!s essemtial mandate,



"ARTIFICTIAL INTELLIGENCE" PESEARCH

Tme term "artificial imtelligence" (Al) {s applied to
research efforts aimed at studyinmg and mechamizing information
processimg tasks that have gemerally beem considered to require
human intelligence, The current emphasis in the field is onm
efficient acauisitiorn and ut{lization of material kmowledge, and
representation of cormeceptual abstractions in problem solvinmg
processes, Al systems are character{zed by complex information
processes that are, to a large extent, momwnmumeric, e,3,r graph
searching and sympolic patterm amalysis, They involve procedures
whose executionm is controlled by different tvpes and forms of
kmowledge about a givem task domaim, such as models, and fragments
of "advice" Iim the form of systems of conmstraints or heuristic
rules, Unlike conventiomal algorithms commonly based on a wellw
tailored methoa for a givem task, A] procedures typically use a
myultiolicity of methods im a highly conditionmnal mamrer = depending
on the specific data im the task amd om a variety of sources of
relevant information,

For example, an Al system for data interpretatiom would
assist a user at a higher conceptual level thanm the application of
a numerical algorithm for eyrve fitting by suggestimg and
evaluatimg amalytical expressions to match the data, Thus it may
include decidirg what mode)l best geseribes the data source and
what actiors to take as a result, Such a mode) would be based on
the data ftself amd on other pieces of imformatiom which may be
relevant to constraining a solution, Inherent {in these processes
are a store of genmeral symbolic kmowledge about the problem domainm
describing what i3 fact, what |Is reasomable and unmreasonable, and
what solutions have worked in the past, Usimg am ability to
commumicate effectively with the problem data source and a human
user, the programs might examime the kmowledge base to construct
ard test plausible explamatiorns of a particular set of data and to
project and decide amomng subseauent altermative courses of action,

This type of "intelligent" assistance by computer program
is perhaps best {llustrated by a number of examples taken from or=
goimg research efforts idemtified as inmnitial ysers of the
facility, The DENDRAL project at Stanford 1{s aimed at assisting
the biochemist in interpretimg molecular structures from mass
spectral and other chemical imformation, In cases where the
characteristic spectrum of a compound s mot catalogued im a
ibrary, these programs carry out the rather laborious processes a
chemist must go through to interpret the spectrum from "first
primciples," By symbolically generating "reasomable" candidate
structures from himts withim the spectrum amd a kmowledge of
organic chemi{stry amnd mass spectrometry, the program infers the
umnknown structure to be the ome which best explainms the observed
spectrum, There s mo direct algorithmic path avalilable to



determine such a molecular structure from the spectral data = only
the infarential process of hypothesis generation anmd testing
within the domaim of reasomable selutions defimed by a kmowledge
of organic amd physical chemistry,

This process, as implemented im the computer, is a
simplified exarple 0% the cycle of imductive hypothesis =
deductive verificatior that {s ofter taught as a model of the
scientific method, (Whether this is a faithfyl description of
contemporary sciemce s arguable; amd how it may be implemented in
the humanm hrain s unknown, In any case, these are useful leads
rather tham absolute preconditions for the pragmatic improvement
of mechamized imtelligence for more efficiemt problem solvina,)
The elaboratior of these approaches as deeply as we can with
existimg hardware and software technoleogies {s the most promising
approach to enkarcing the applicatiom of the computer to the
vaguely structured problems that domimate our task domains,

A project related to DENDRAL, carried out in collaboration
with the Umiversity of Califormia at Sam Dieqgo, seeks to infer the
structures of complicated proteins from x=ray crystallographice
data throygh a similar paradigm of hypothesizing reasonrable
stryctures and testing thefr ability to explain the observed data,

Other projects at Stamford and Rutgers Umiversity seek to
assist experimentally in diagmosing disease and suggesting
treatment, In these cases the imput data are climical symptoms
and physical and biochemical measurements ard the knowledge domainm
is the physiology and pathology of various organ systems as wel]
as the effects and interactions of courses of treatment, Current
applicatioms of this work are inmn the areas of infectious diseases
angd diseases of the eye, Lomg term applications of these tynes of
computer programs might be to consolidate amd reconcile the
kmowledge from a diverse group ©f experts or to enable more
effective treatment of disease im locations that lack access to
specialized excertise,

Cther axamples, {m areas of psychology, are aimed at
buildimg and testimg complex modelis of human cogmritive and
affective processes, Programs are beimg designed at Stamford to
simulate paranoid or other behavior patterns in response to
natyral lamguage discoyrse, Embedded {m such programs are a
genera)l symbolic model for the bemavior type amd am ability for
matural! )anguage commumicatiom, Im response to a human user, the
program seeks to understand {nput discourse {n terms of the
behavioral model anmd to poroduce aprropriate Engliish lamguage
sentences {mn response, Applications of this work may be to
{mprove our understanmndinmg of particular behavior patterns by
systemat{zimg the characteristics of models which emylate them or
to assist im traiming medical students {m psychiatry,



A system {s heing aeveloped at Rutgers which takes as an
imput a social episode, 1,e,s, an accounrt 0f a sequemce 0f actions
involving the imteractioms of several persons within some social
context, ard {t gemerates ar {interpretatiomn of the episode inm
terms of intemtioms and reasomns that might have motivated the
persons Im the episode to perform their actioms, This system is
based on a model-comsistimg of a body of rules of helief (about
speci{fic pecple, actions, armd motijvatioms) amd a strategy of
{nterpretation, Applications of the system may be im improving
commumication processes such as the psychiatric imterview,

These examples are givenm for the purpcse of conmcrete
{1lystration cf the types of problem areas we seek to explore,
They are mot imtemded to boumd the domain but rather to stimylate
new fdeas along the limes of "imtelligemt" programs with medical
applicatioms, These terms are mot precisely defimed at this time
and oyr objectives miaght better he phrased {n terms of "advanced
computer science comcerned with mechanized theory formation and
problem solving {m medical research anmd practice," we will
emphasize the past achievements of Al=oriemted and Al=labeled
research {n providimg facilities for further advamces such as
symbolic kmowledge represemtatiom and manipulationm, conmcept
formation, problem solving, learning, and matural human
communication (e,g, language, speech, vision, etc,),

MANAGEMENT AND USER QUALIFICATIONS

The SUMEX«AIM facility {s community~oriented amd its
organizatiemal structure is being established to emphasize user
support and i{nteractions among user groups, The followinrmg
summarizes the overall structure as it {s temtatively comstituted,
Additional detail will be provided as appropriate, qaiving specific
imformation about how prospective users may gaim access to the
facility,

The user commyumity 18 divided for admimistrative purposes
into two groups: ) these at the Stamford Medical School (laca)
to the facility) anmd 2) those elsewhere {in the coyntry and at
Stamford, The facility rescurces (computimg capacity and
mampower) will be allocated In equal portions to these two QPrOURS,
Stanford Medical Sehoo!l users will be qualified for access to the
facility by Dr, Lederberg in mhis capacity as Principal
Investigater for the SUMEX arant, The matfomal user group will
gaim access to and be represented Iin the adesign, development, and
allocation of the facility resources throygh am advisory group for
a natiomal program in Artifieial Intelligemce in Medicine (AIM),
The AIM Advisory Group will comsist of membeprs at large of the Al
and medical commurities, facility users, amd the Prinmcipal
Investigator of SUMEX as am ex=officio member, A representative



of the NIH=BRB will serve as Executive Secretary, It will advise
the AIM Executive Committee, whose rasponsibility is to give
overall direction to the matiomal AIM program, The AIM Executive
Committee comsists of the Primcipal Imvestigator of the SUMEX
Projecty the Principal Imvestigator of a series 0f workshops or Al
applications {m» medicime, a represemtative of the NIM=RRR, anmgd a
representative of the AIM Advisory Group,

Besides its charge to review potential uses of the S!IMEX=
AIM facility, the AIM Advisory Group wil]l advise the AIM Executive
Committee on the allocation of fumds meeded to assist in
interfacimg recommended mew ysers, The SUMEX=AIM computing
resource will be made available to aualified users without anmy
charge, which ¢f course entails a careful review of the merits amd
priorities of proposed applications, At the discretion of the
advisory group, attendant commynication and tranmsportation costs
to allow specific users to gain access to the facility may be
covered as well,

Qualificatioms for new USers anmd the details of NPAIM
assistamce to users will be more specific at a later time, Im
gemneral terms, however, potemtial users will be judged om the
basis ot

i, The scienmtific interest amd merit of the proprosed
research,

2y The relevarce of the work to the Al approach of SUMEX=AIM
as may be imdicated im part by the mneed for the specialized
SUMEX faci{lities as opposed to other computing altermatives,

1, The prospective comtributiormrs and role of a user in the
commynity, e,g,r developing and sharing mew systems or
applications programs, sharing use of special mardware, etc.

4, The user's capability and (nmntemtions of operating {in a
communityeeffective style for mutyal advanmtage, Besides the
programming {inmovatiomns that seme users may be able to
contribute, all are expected to furnish expert kmowledge anrd
advice about the existimg art Im the fields relevant to thelr
specia) imterests,

Tme overall objective will be to promote Al applicatiorms
of high acient{fic merit among an extensive group of competent
users, comsistent with mafntaining a respomnsive amd productive
comoutimg enviromment, The imitially approved loadimg is
estimated to he about 30% of the total SUMEXeAIM cavacity, leavinmg
a substantial capacity for mew research groups to entepr at this
timeg



TECHNICAL CAPABILITY

The comouter facility, comsisting of a Digital Equipment
Corporation mode) KI=10 central processor cperatinmg under the
TENEX time=sharimg monitor, {8 scheduled to be available ¢n a
limited fashiom im Jume 1974, and to be fully operatiomal in
September, The system will have initially 197K words (36 bit) of
high speed memory} {,3M words of swappimg storage; 40M words of
disk storagey 2 9=track, 800 bpi {mdustry=compatible tape umits; |
dual DEC tape uni{t: a lime primters amd commymicatioms network
interfaces providing user termimral access, At the present time
the choice of a commumications metwork approach is beimg
fimalized, However, speci{alized users will {mn amy case fimgd that
the commumications costs are small compared to the value of access
to the system, This hardware complement may be expanded {n the
future based om available fumding and Justified user commymity
reeds,

Software support will evolve from the basic system as
dictated by user research goals and requirements, Imitially
avallable programs will {mclude a variety of TENEX user, utility,
and text editor programs, Major user lamguages will inclyude
INTERLISP, SNOBOLs SAIL, FORTRAN={0, BLISS=10, BASIC, and MACRQO=
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